Background: We aimed to identify the prevalence of cardiovascular risk factors, and investigate preventive cardiovascular medication use and achievement of targets as per Dutch cardiovascular risk management guidelines among human immunodeficiency virus (HIV)-positive and HIV-negative individuals. Design: The design was a cross-sectional analysis within an ongoing cohort study. Methods: Data on medication use and cardiovascular disease prevalence were available for 528 HIV-positive and 521 HIV-negative participants. We identified cardiovascular risk factors and applied cardiovascular risk management guidelines, mainly focusing on individuals eligible for (a) primary prevention because of high a priori cardiovascular risk, or for (b) secondary prevention. Results: One hundred and three (20%) HIV-positive and 77 (15%) HIV-negative participants were classified as having high cardiovascular risk; 53 (10%) HIV-positive and 27 (5%) HIV-negative participants were eligible for secondary prevention. Of HIV-positive individuals 57% at high cardiovascular risk and 42% of HIV-positive individuals eligible for secondary prevention had systolic blood pressures above guideline-recommended thresholds. Cholesterol levels were above guideline-recommended thresholds in 81% of HIV-positive individuals at high cardiovascular risk and 57% of HIV-positive individuals eligible for secondary prevention. No statistically significant differences were observed between HIV-positive and HIV-negative participants regarding achievement of targets, except for glycaemic control (glycated haemoglobin 53 mmol/mol) among individuals using diabetes medication (90% vs 50%, p ¼ 0.017) and antiplatelet/anticoagulant use for secondary prevention (85% vs 63%, p ¼ 0.045), which were both superior among HIV-positive participants. Conclusions: Cardiovascular risk management is suboptimal in both HIV-positive and HIV-negative individuals and should be improved.
Introduction
Cardiovascular disease (CVD) is highly prevalent in human immunodeficiency virus (HIV)-positive populations. 1, 2 Primary and secondary CVD prevention reduce the burden of CVD. 3 Optimal cardiovascular risk management is essential, especially in populations with an increased cardiovascular risk such as the HIV-positive population. In The Netherlands, the Dutch Cardiovascular Risk Management (CVRM) guidelines are used to identify patients at high cardiovascular risk and to provide guidance to physicians on how best to reduce this risk. 4, 5 These Dutch guidelines are quite comparable to other European CVRM guidelines. 6 Several studies have reported suboptimal CVD prevention in the general population, 5, 7, 8 as well as in HIVpositive populations. [9] [10] [11] [12] [13] To our knowledge, none of the studies in HIV-positive populations provided an overview of all facets of cardiovascular risk management in a contemporary and largely virally suppressed HIV-positive population and highly comparable HIVnegative controls.
The aims of this study were (a) to identify the prevalence of cardiovascular risk factors, and (b) to investigate the use of preventive cardiovascular medication and achievement of targets as per Dutch CVRM guidelines among HIV-positive and HIV-negative individuals.
Methods

Study participants and design
The AGE h IV Cohort Study is an ongoing prospective comparative cohort study (see details of the AGE h IV Cohort Study Group listed in the Supplementary Material, Appendix). Between 2010-2012, 598 HIVpositive individuals were recruited from the HIV outpatient clinic of the Academic Medical Center, Amsterdam, The Netherlands. Five hundred and fifty HIV-negative controls were recruited from the Amsterdam Cohort Studies on HIV/AIDS and among individuals attending the sexual health clinic at the Amsterdam Public Health Service with the aim of being highly comparable to the HIV-positive group regarding demographic and behavioural characteristics. All participants were age !45 years and had laboratory-confirmed presence or absence of HIV-1 infection. Participants with available data on CVD prevalence and medication use were included in this analysis. The study was approved by the local ethics review board (ClinicalTrials.gov identifier NCT01466582) and all participants provided written informed consent.
Study protocol
The study protocol has been described in detail previously. 2 Participants attend biennial study visits, in which they undergo a standardised screening for age-related comorbidities, organ dysfunction and risk factors.
Brachial blood pressure was measured three times while seated after a five-minute rest using an automated device (Omron 705-IT). Blood samples were collected to measure lipid levels, glycated haemoglobin (HbA1c), glucose, plasma creatinine, CD4 T-cell count, and HIV-1 RNA levels. Participants completed a standardised questionnaire regarding demographic characteristics, medication use, medical history, family history, smoking status, alcohol/recreational drug use and physical activity. Self-reported CVD diagnoses were validated using hospital records for HIV-positive participants, and general practitioners' records for controls. 2 
Definitions
Systolic blood pressure (SBP) and diastolic blood pressure were calculated using the mean of the second and third blood pressure measurement. We used SBP targets as per Dutch CVRM guidelines (see Supplementary Material, Table) . 4 Diabetes mellitus (DM) was considered present if HbA1c was ! 48 mmol/mol, and/or blood glucose was elevated (non-fasting ! 11.1 mmol/l, fasting ! 7.0 mmol/l), and/or if using diabetes medication. 14 Glycaemic control was defined as HbA1c 53 mmol/ mol, while on diabetes medication. 15 We defined CVD as a validated diagnosis of angina pectoris, myocardial infarction, ischaemic cerebrovascular disease, or peripheral arterial disease. Rheumatic disease was considered present in participants with a validated diagnosis of rheumatic disease but only in those using antirheumatic agents.
The World Health Organization definition for obesity was used (body mass index (BMI) ! 30 kg/m 2 ). We classified individuals as physically inactive when they did not meet the Dutch healthy physical activity guidelines (moderate physical activity !5 days/week for !30 min, and/or heavy physical activity !3 days/week for !20 min). 16 Heavy alcohol use was defined as alcohol intake !5 units/day for males or !3 units/day for females.
The estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation. Material, Table) Cardiovascular risk management was evaluated as per Dutch CVRM guidelines. 4 Primary prevention. In individuals without prior CVD, a 10-year risk of cardiovascular mortality and morbidity was estimated based on age, sex, smoking, presence of DM and/or rheumatic disease, SBP, and total cholesterol/high-density lipoprotein cholesterol ratio (TC/ HDL-ratio) using the Systemic Coronary Risk Evaluation (SCORE) risk equation adjusted for national data. 17 Age-specific conversion factors for the Dutch population were used to translate the cardiovascular mortality risk to a cardiovascular mortality and morbidity risk (i.e. 35--45 years: 5, 45-65 years: 4, and !65 years: 3). The estimated 10-year risk is expressed as a percentage, which is subsequently categorised as low (<10%), moderate (10-20%), or high (!20%). Recommendations for preventive treatment depend on the estimated cardiovascular risk and the presence of additional risk factors.
Cardiovascular risk management guidelines (Supplementary
Secondary prevention. Antiplatelet medication is recommended in all individuals with prior CVD; recommendations regarding prescription of other preventive cardiovascular medication depend on the type of event.
All individuals on preventive cardiovascular medication. Blood pressure control was defined as SBP 140 mm Hg, and cholesterol control as low-density lipoprotein cholesterol (LDL-c) 2.5 mmol/l among individuals using antihypertensive or lipid-lowering medication, respectively (regardless of CVD status or risk).
Statistical analysis
Stata software (version 12.1; StataCorp, College Station, Texas, USA) was used for statistical analyses. A cross-sectional analysis was performed in participants with complete data regarding CVD status and co-medication use. Missing data of other cardiovascular risk factors were handled by multiple imputation. Group comparisons were performed using Fisher's exact, Wilcoxon rank sum or nonparametric trend tests, as appropriate. Since treatment recommendations for individuals at high 10-year cardiovascular risk and moderate 10-year cardiovascular risk plus additional cardiovascular risk factors are identical, we combined these individuals into a single group to determine the prevalence of cardiovascular risk factors, preventive medication use and achievement of targets. The current analysis aimed to provide a complete overview of cardiovascular risk management, and therefore did not focus on any one particular primary endpoint.
As a sensitivity analysis we conducted a complete case analysis excluding participants with missing data regarding cardiovascular risk factors.
Results
Cohort characteristics (Table 1) Data on prior CVD and medication use were available for 528 of 598 (88%) HIV-positive participants and 521 of 550 (95%) controls. Excluded participants were more often women (23% vs 13%), and more often of African descent (29% vs 9%). Excluded HIV-positive participants had a lower median nadir CD4 (135 vs 180 cells/mm 3 ). Participants included in the current analysis had a median age of 53 years, 87% were male, of whom 83% were men who have sex with men. HIV-positive individuals were more often of African descent than controls (12% vs 6%, p < 0.001), and their educational level was lower (42% of HIV-positive vs 56% of HIV-negative individuals had completed higher or academic education, p < 0.001). The prevalence of CVD was higher among HIV-positive individuals (10% vs 5%, p ¼ 0.003).
The median known duration of HIV-infection among HIV-positive participants was 12 years. Ninety-five percent were on combination antiretroviral therapy (cART) at enrolment, of whom 97% had HIV-RNA below 40 copies/ml within four months before or at enrolment. Median nadir CD4 was 180 cells/mm Prevalence of cardiovascular risk factors (Table 2) Physical inactivity, smoking, plasma lipid levels and/or SBP above the guideline-recommended thresholds were Without lipid-lowering medication
With lipid-lowering medication 
Sensitivity analysis
A complete case analysis revealed results similar to those reported above (data not shown).
Discussion
Management of modifiable cardiovascular risk factors was suboptimal in both HIV-positive and HIV-negative individuals; this is surprising given the recent emphasis in the literature on CVD in HIV-positive individuals. 1, 2 Physical inactivity, smoking, dyslipidaemia and hypertension were the most prevalent cardiovascular risk factors. High prevalences of these risk factors have been described previously in HIV-positive populations. 1, [11] [12] [13] [18] [19] [20] In our study, these risk factors were more frequently observed among HIV-positive participants, which also translated into higher predicted cardiovascular risk.
The main objective of our study was to investigate the use of preventive cardiovascular medication and achievement of targets as per Dutch CVRM guidelines in HIV-positive and HIV-negative individuals. A substantial proportion of those at high cardiovascular risk or with prior CVD had an indication for (intensification of) cardiovascular treatment. Suboptimal cardiovascular risk management has been previously reported both in the general and HIV-positive population. 5, [7] [8] [9] [10] [11] [12] [13] 18, 19, [21] [22] [23] [24] [25] [26] These studies in HIV-positive populations had smaller proportions of individuals with suppressed viraemia on cART and often focused on one aspect of cardiovascular risk management, whereas our study assessed management more comprehensively. Although over 90% of HIV-positive individuals in our study population had suppressed viraemia -and were thus adherent to cART -we found it striking that (effective) use of cardiovascular medication was poor. Compared to controls, HIV-positive individuals had an equally suboptimal achievement of cholesterol and blood pressure targets, despite biennial monitoring at the HIV outpatient clinic. Healthcare consumption is unknown among controls, some of whom might not be in care nor aware of their cardiovascular risk. This could potentially have resulted in lower levels of achievement of targets.
No data were available concerning patient or careprovider barriers to effective cardiovascular risk management. Contra-indications or adverse events might be a reason to quit preventive medication, in particular statins. Statins are generally well tolerated, but it remains uncertain whether their safety and efficacy is similar in HIV-positive individuals. 27, 28 Inadequate cardiovascular risk assessment by physicians, uncertainty about applying guidelines to specific populations, lack of time, polypharmacy and patient-related barriers such as side-effects, reduced motivation when perceived cardiovascular risk is lower than estimated risk, and pill burden may also contribute. [29] [30] [31] Our study has a number of limitations, including that part of the collected data (i.e. cardiovascular medication use and various cardiovascular risk factors) was self-reported. Though we validated all self-reported diagnoses of CVD, 2 medication use was not validated systematically. Among HIV-positive individuals with an indication for cardiovascular medication and no self-reported medication use, we validated medication prescription using hospital records, and found underreporting in 3% of participants. Medical charts were not available for cardiovascular medication review in HIV-negative controls.
Blood pressure, glucose and lipid levels might be overestimated due to the cross-sectional design and use of non-fasting blood samples. Also, the cross-sectional design of the analysis may not account for small changes in Dutch CVRM guidelines (updated in 2011) or initial steps of cardiovascular risk management. In addition, no data were collected regarding smoking cessation attempts. However, we performed an additional analysis using two-year follow-up data (data not shown), showing no major changes. Furthermore, the SCORE risk equation was developed in the general population and does not account for HIV-serostatus. Since CVD prevalence is higher among HIV-positive compared to HIV-negative individuals after adjustment for traditional risk factors, 1,2 SCORE might have underestimated cardiovascular risk in HIV-positive individuals. Lastly, the analysis did not have a single primary endpoint but aimed to provide an overview of different aspects of cardiovascular risk management. Values of p should therefore be interpreted with caution.
Our study also has a number of strengths. First of all, data collection was executed in a systematic and detailed manner. Thereby, our study provides a complete overview of cardiovascular risk management in a contemporary, largely virologically suppressed HIV-positive population. Furthermore, enrolment of HIV-negative controls with similar demographic and behavioural characteristics is a major strength, which allows us to better study any HIV-specific effects over and above those exerted by demographic and lifestyle factors. Of note, due to the specific procedure for the selection of the HIV-negative control group these results are not likely to be representative of the general population in The Netherlands.
Although women and people from African descent were underrepresented in this study, we expect the reported results to be generalisable to other highincome settings with unrestricted access to cART. Although one should realise that national guidelines were applied in this analysis, the Dutch guidelines are rather comparable to other European guidelines. 6, 32 The American College of Cardiology (ACC)/American Heart Association (AHA) guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults is different in several aspects, for example, it has abandoned dose titration to achieve specific LDL-c or non-high-density lipoprotein cholesterol (HDL-c) targets based on the absolute risk, and uses a distinct risk equation. 33 The results regarding cholesterol control might therefore not be similarly relevant in settings where the ACC/AHA guideline is used, but undertreatment of dyslipidaemia remains an important observation even in those settings.
Conclusion
In summary, we conclude that cardiovascular risk, management of blood pressure and cholesterol, and use of cardiovascular preventive medication can be much improved in both HIV-positive and HIV-negative individuals. Since HIV-positive individuals have a higher prevalence and risk of developing CVD, suboptimal cardiovascular risk management is especially worrisome in these individuals, and requires the attention of HIV physicians and general practitioners, as well as HIV-positive individuals themselves.
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